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ABSTRACT
We describe the Herschel Virgo Cluster Survey (HeViCS) and the first data that cover the
complete survey area (four 4×4 sq deg regions). We use these data to measure and compare
the global far infrared properties of 78 optically bright galaxies that are selected at 500 µm
and detected in all five far-infrared bands. We show that our measurements and calibration
are broadly consistent with previous data obtained by IRAS, ISO, Spitzer and Planck. We
use SPIRE and PACS photometry data to produce 100, 160, 250, 350 and 500 µm cluster
luminosity distributions. These luminosity distributions are not power laws, but ’peaked’, with
small numbers of both faint and bright galaxies. We measure a cluster 100-500 µm far-infrared
luminosity density of 1.6(7.0) ± 0.2 × 109 L Mpc−3. This compares to a cluster 0.4-2.5 µm
optical luminosity density of 5.0(20.0) × 109 L Mpc−3, some 3.2(2.9) times larger than the
far-infrared. A ’typical’ photon originates from an optical depth of 0.4 ± 0.1. Most of our
sample galaxies are well fitted by a single modified blackbody (β = 2), leading to a mean
dust mass of log MDust = 7.31 M and temperature of 20.0K. We also derive both stellar and
atomic hydrogen masses from which we calculate mean values for the stars:gas(atomic) and
gas(atomic):dust mass ratios of 15.1 and 58.2 respectively. Using our derived dust, atomic
gas and stellar masses we estimate cluster mass densities of 8.6(27.8) × 106, 4.6(13.9) × 108,
7.8(29.7)×109 M Mpc−3, respectively for dust, atomic gas and stars. These values are higher
than those derived for field galaxies by factors of 39(126), 6(18) and 34(129) respectively. In
the above luminosity/mass densities are given using the whole sample with values in brackets
using just those galaxies that lie between 17 and 23 Mpc. We provide a data table of flux
densities in all the Herschel bands for all 78 bright Virgo cluster galaxies.
Key words: Galaxies: ISM - Galaxies: custers individual: Virgo - Galaxies: general: ISM
? Herschel is an ESA space observatory with science instruments provided
by European-led Principal Investigator consortia and with important partic-
ipation from NASA.
1 INTRODUCTION
The spectacular number of large diffuse nebulae in the constellation
of Virgo has attracted the attention of astronomers for centuries.
We now know the nebulae to be galaxies and that they reside in the
largest nearby galaxy cluster. The cluster consists of many thou-
c© 0000 RAS
ar
X
iv
:1
11
0.
28
69
v2
  [
as
tro
-p
h.C
O]
  1
7 O
ct 
20
11
2 Davies et al.
sands of galaxies both physically large and small and because of
its proximity (v ∼1094 km s−1, Binggeli et al., 1987, d ∼ 17 Mpc,
Gavazzi et al., 1999 and d ∼ 16.5 Mpc, Mei et al., 2007) the largest
galaxies subtend some of the biggest angular sizes (∼10 arc min)
in the sky.
These big bright galaxies occupy a relatively small area (≈
100 sq deg) and so, over the years, the whole region has been
subject to extensive ’survey’ observations. Recent surveys range
from the X-ray (Boehringer et al. 1994), Ultra-violet (Boselli et
al. 2011), optical (VCC, Binggeli et al. 1985, VGVS, Mei et al.
2010, SDSS, Abazajian et al. 2009), near infrared (2MASS, Skrut-
skie et al. 2006, UKIDSS, Warren et al. 2007), far-infrared (IRAS,
Neugebauer et al. 1984) and 21cm, (ALFALFA, Giovanelli et al.
2005, VIVA, Chug et al. 2009, AGES, Taylor 2010). These exten-
sive large data sets provide us with a unique opportunity to study in
detail a large number of galaxies at high spatial resolution.
However, the properties of cluster galaxies may not be typical
of galaxies in general. The environment of a galaxy cluster is very
different to that of other less densely populated ’field’ regions of the
Universe. The proximity of other galaxies and the existence of an
inter-galactic medium means that Virgo cluster galaxies probably
evolve in ways that are, in detail quite different from field galax-
ies. For example, in the cluster the morphological mix of galax-
ies is quite different from that in the field and many galaxies are
observed to be relatively deficient in atomic gas (Haynes & Gio-
vanelli, 1984). This deficiency in gas is probably responsible for
the observed lower star-formation rates (Lewis et al., 2002, Gomez
et al., 2003) and the truncation of star-forming discs (Boselli &
Gavazzi, 2006) seen in cluster galaxies. An understanding of the
prime physical processes that influence how a galaxy changes and
evolves with time is a primary motivation for the study of galaxies
in the nearby Universe, particularly the identification of processes
unique to the cluster environment.
Given that the very essence of what a galaxy does is to form
stars, and hence convert primordial gas into heavy elements (met-
als), the fractional mass of these elements compared to the gas is
a primary indicator of how far a galaxy has proceeded along its
evolutionary path. A major depository of these metals is in the in-
terstellar dust and an important and outstanding legacy from the
hugely successful IRAS survey of the 1980s has been the ques-
tion of determining the total quantity of dust in galaxies. The issue
has been outstanding because IRAS with a maximum wavelength
of 100 µm, measured warm dust in galaxies (generally T∼ 30+
K), leading to gas-to-dust mass ratios higher by about a factor of
ten than that observed in our galaxy (measured by other means i.e.
stellar extinction). They are also much higher than expected using
chemical evolution models that predict the fractional mass of dust
produced in each generation of stars (Edmunds and Eales 1998,
Dwek 1998). The open question since then has been just how much
cold dust (T620 K) remains undetected in galaxies and whether this
can reconcile our local observations of the Milky Way and the dust
production models.
There have of course been other far infrared space missions
since IRAS that have to some extent addressed the cold dust issue.
In particular, Tuffs et al. (2002) and Popescu et al. (2002) discuss
this, amongst other issues, using bright Virgo cluster galaxies ob-
served by the Infra-red Space Observatory (ISO). Other ISO obser-
vations of individual galaxies which specifically address the cold
dust issue have been described by Alton et al., (1998a), Davies et
al. (1999), Trewhella et al. (2000), Bendo et al. (2002) and Bendo et
al. (2003). The Spitzer space telescope has also made observations
of nearby galaxies at wavelengths at or just beyond that observed
by IRAS (out to about 200 µm) with the Spitzer Infrared Nearby
Galaxy Survey (SINGS) sample being of particular importance in
helping us understand the far infrared properties of galaxies (Ken-
nicutt et al., 2003).
Both ISO and Spitzer have been somewhat limited in what can
be inferred about the cold dust issue for three reasons. The first is
that the wavelength coverage is not in the critical wavelength re-
gion where we expect to detect the signature of cold dust (200 -
600 µm). The second is that these were not survey telescopes and
so they did not provide objectively selected large samples of galax-
ies for comparative study at the wavelengths of interest. Thirdly
because small quantities of warm dust can swamp the signal from
cold dust it is important to have sufficient spatial resolution to iden-
tify regions in the galaxy where cold dust emission is dominant.
Although SCUBA observations at 850 µm (Dunne et al. 2000, Vla-
hakis et al. 2005, Alton et al. 1998b, Bianchi et al. 2000) have also
attempted to address the above issues, with the advent of the Her-
schel Space Telescope these problems we hope can be solved con-
clusively.
The observations of Virgo cluster galaxies described below
make use of the unique imaging qualities and sensitivity of Her-
schel at five wavelengths from 100 - 500 µm. With a 3.5m mirror
the spatial resolution of Herschel at these wavelengths ranges from
7 - 35 arc sec enabling spatially resolved observations of many of
the bright galaxies at the distance of Virgo. The Herschel Virgo
Cluster Survey (HeViCS) is an approved ESA Herschel Space Tele-
scope (Pilbratt et al., 2010) Open Time Key Project. The project has
been awarded 286 hours of observing time in parallel mode using
PACS (Poglitsch et al., 2010) at 100 and 160 µm and SPIRE (Grif-
fin et al., 2010) at 250, 350 and 500 µm. Eventually we will map
four 4×4 sq deg regions of the cluster down to the confusion limit
in the SPIRE bands. Pre-Herschel comparable surveys describing
the far infrared properties of nearby bright galaxies have been de-
scribed by Soifer et al. (1987), Doyon and Joseph (1989) (IRAS),
Tuffs et al, (2002) (ISO), Draine et al. (2007) (Spitzer).
In this paper we describe results from an initial data release
that covers the entire HeViCS area but using only a quarter of the
scans that will constitute the final data set. For this reason this paper
concentrates on the properties of the bright galaxies because these
are still detected at high signal-to-noise even in these as yet incom-
plete data. The primary HeViCS science goals using the full depth
data include: the detection of dust in the inter-galactic medium, the
extent of cold dust in the outskirts of galaxies, far-infrared lumi-
nosity functions, the complete spectral energy distributions (SEDs)
of galaxies, the dust content of dwarf ellipticals and irregulars and
a detailed analysis of the dust content of early type galaxies (for
further details see http://www.hevics.org).
This paper is an extension of a previous paper (paper I, Davies
et al., 2010) that considered the properties of the bright galaxies in
a single central 4×4 sq deg HeViCS field. In a further seven papers
on this central field we have discussed: how the cluster environment
truncates the dust discs of spiral galaxies (paper II, Cortese et al.,
2010), the dust life-time in early-type galaxies (paper III, Clemens
et al., 2010), the spiral galaxy dust surface density and temperature
distribution (paper IV, Smith et al., 2010), the properties of metal-
poor star-forming dwarf galaxies (paper V, Grossi et al., 2010), the
lack of thermal emission from the elliptical galaxy M87 (paper VI,
Baes et al., 2010) and the far-infrared detection of dwarf elliptical
galaxies (paper VII, De Looze et al., 2010). A further paper (Boselli
et al., 2010) discusses the spectral energy distributions of HeViCS
galaxies together with others observed as part of the Herschel Ref-
erence Survey (HRS).
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Figure 1. The Virgo Cluster. On the left is shown the area (∼ 100 sq deg) observed as part of the Binggeli et al. (1987) survey which led to the Virgo Cluster
Catalogue (VCC) of some 2000 galaxies. Each VCC galaxy is marked as a circle. The area (∼ 64 sq deg) covered by HeViCS is indicated by the red boxes.
X-ray contours as observed by ROSAT are shown in blue (Boehringer et al., 1994). On the right are the four fields as observed by Herschel (SPIRE) at 250
µm. Bright galaxies can be seen as white dots. Prominent on the frames is the emission from Galactic cirrus.
2 OBSERVATIONS, DATA REDUCTION, OBJECT
SELECTION AND CALIBRATION CHECKS
We have obtained ∼ 64 sq deg of data over four fields covering a
large part of the Virgo Cluster using the SPIRE/PACS parallel scan-
map mode (Fig 1). We use nominal detector settings and a fast scan
rate of 60′′/sec over two orthogonal cross-linked scan directions.
Here we discuss combined data from two scans per field (the com-
plete survey will comprise 8 scans).
PACS data reduction was carried out with the standard
pipeline for both the 100 and 160 µm channels. Dead and satu-
rated pixels were masked. Deglitching was performed in two steps,
using the standard multi-wavelength median transform deglitcher,
and another based on sigma-clipping. Bright sources were masked
before a high-pass filter was used to reduce 1/ f noise. Finally,
the two orthogonal scans were combined and maps made using
the naive map-maker. Overall, the HeViCS PACS data reduction
strategy is similar to the approach used for the H-ATLAS key pro-
gramme (Eales et al. 2010), as explained in detail in Ibar et al.
(2010). After combining orthogonal scans the full width half maxi-
mum (FWHM) beam sizes are approximately 9′′and 13′′with pixel
sizes of 3.2′′and 6.4′′for the 100 and 160 µm channels respectively.
The SPIRE photometer (Griffin et al. 2010) data were pro-
cessed up to Level-1 (to the level where the pointed photometer
time-lines have been derived) with a custom driven pipeline script
adapted from the official pipeline (POF5 pipeline.py, dated 8 Jun
2010) as provided by the SPIRE Instrument Control Centre (ICC)
1. This Jython script was run in the Herschel Interactive Processing
Environment (HIPE, Ott 2010). Our data reduction up to Level-1
is very similar to the Herschel Common Science System/Standard
Product Generation v5 with a calibration based on Neptune data.
1 See ’The SPIRE Analogue Signal Chain and Photometer Detector Data
Processing Pipeline’ Griffin et al. 2009 or Dowell et al. 2010 for a more
detailed description of the pipeline and a list of the individual modules.
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Specific differences to the standard pipeline were that we used
the sigmaKappaDeglitcher instead of the ICC-default wavelet-
Deglitcher. Furthermore, we did not run the default tempera-
tureDriftCorrection and the residual, median baseline subtraction.
Instead we use a custom method called BriGAdE (Smith et al. in
preparation) to remove the temperature drift and bring all bolome-
ters to the same level (equivalent to baseline removal). We have
found this method improves the baseline subtraction significantly
especially in cases where there are strong temperature variations
during the observation.
Both scans were then combined to make our final maps using
the naive mapper provided in the standard pipeline. The FWHM of
the SPIRE beams are 18.1′′, 25.2′′, and 36.9′′with pixel sizes of 6′′,
10′′, and 14′′at 250, 350, and 500 µm, respectively. The final data
products have a mean 1σ noise, determined from the whole of each
image, of ∼2.6, 4.5, 0.9, 1.1 and 1.3 mJy pixel−1 at 100, 160, 250,
350 and 500 µm respectively.
To obtain a bright far-infrared selected sample we carried out
our initial object selection at 500 µm. This is because it is the least
explored part of the spectrum, it has the lowest resolution, and most
galaxies will produce their lowest flux in this band, guaranteeing a
detection in all five bands. To produce an objectively selected sam-
ple we used the automatic image detection algorithm SExtractor
(Bertin & Arnouts, 1996). To minimise background contamination
by faint sources each object was required to have more than 30 con-
nected pixels at 1.5σ500 or above. The result is a 500 µm flux den-
sity limit of ∼0.1 Jy for sources with a diameter larger than 1.4′.
Each object was then checked for correspondence with a known
Virgo Cluster galaxy. The final sample consists of 78 Virgo Cluster
objects, which is 12% of the 629 VCC galaxies in our fields that
are listed by GOLDMINE as confirmed cluster members (Gavazzi
et al., 2003). Discarded objects are either associated with extended
galactic cirrus emission or objects in the background of Virgo. In
this paper our intention is to concentrate on these bright galaxies
detected at high signal-to-noise. The faintest galaxy in the final
sample (see below) being detected with a signal-to-noise of ∼15.
Before carrying out aperture photometry on the selected
galaxies the data at other wavelengths were smoothed and re-
gridded to the 500 µm resolution and pixel scale. Elliptical aper-
tures were initially chosen by eye using the 500 µm data, with the
sky defined by a concentric annulus. These same annuli were then
used on the smoothed and re-gridded data at other wavelengths. In-
dependent measurements were carried out on the maps at the orig-
inal resolution, defining for each galaxy a polygonal aperture that
included all pixels with S/N>2 at 250 µm (the deepest band), and
a nearby sky aperture that avoided pixels contaminated by bright
background sources. Our results from these two approaches are sig-
nificantly affected by the apertures chosen and after careful analysis
we estimate errors of 17, 10, 8, 8 and 10% at 100, 160, 250, 350
and 500 µm respectively due to the choices made.
Independently as part of the HRS data analysis Ciesla et al. (in
preparation) has compared our SPIRE aperture photometry with
that derived using apertures set at 1.4 times the galaxy’s optical
radius and a 60′′width annulus for the background. Mean values of
the flux density ratios between these HRS values and those given
here are 0.98 ± 0.06, 0.96 ± 0.08 and 0.96 ± 0.09 for 250, 350 and
500 µm respectively. The scatter between the Ciesla et al. values
and those quoted here is 6, 8 and 10% respectively, i.e. very close
to the SPIRE aperture uncertainty we estimated above.
As can be seen from Fig. 1 the four separate 4×4 sq deg fields
have a small overlap region. A few of our galaxies fall within these
overlap regions and so have been observed independently twice.
Figure 2. A comparison of IRAS (blue) and ISO (black) fluxes with the
PACS 100 µm fluxes along with the Planck/SPIRE 350 µm (red) fluxes.
Linear least squares fit parameters are given top left. The black dashed line
is the one to one relationship.
Also, two of the fields have been observed already with more than
two scans. Using the same apertures on these independent measure-
ments leads to an uncertainty in flux values due to noise in the data
recording and processing of 20, 10, 2, 3 and 5% at 100, 160, 250,
350 and 500 µm respectively.
The absolute calibration of the data is thought to be uncertain
to 15, 15, 7, 7 and 7% at 100, 160, 250, 350 and 500 µm respec-
tively (Ibar et al., 2010, Swinyard et al., 2010). Taking the above
three uncertainties to be independent we estimate total uncertain-
ties in our flux values of 30, 20, 10, 10 and 15% at 100, 160, 250,
350 and 500 µm respectively. In table 1 we list all 78 Virgo bright
galaxies with their names, co-ordinates, velocities, distances and
flux values in each band. Co-ordinates are obtained from centroid-
ing the 500 µm data, Velocities and distances have been taken from
GOLDMINE (Gavazzi et al., 2003). The fluxes in Table 1 do not
include color corrections (see Section 5).
For both PACS and SPIRE data we can make some compar-
isons of our results with those obtained by others. Where available
(73 galaxies) we have taken IRAS 100 µm fluxes from the GOLD-
MINE database (Gavazzi et al., 2003) and show their comparison
with PACS in Fig 2. UGC7557 stands out as being the only ob-
vious anomalous result, as we measure a barely detected value of
0.13 Jy while the IRAS value is 0.73 Jy. A linear least squares fit
to the data gives the relationship F(PACS)=1.16(±0.02)F(IRAS)-
0.69(±0.47). Using ISO Tuffs et al. (2002) also measured 100 µm
fluxes for 12 of our galaxies, Fig. 2. The linear least squares fit
to this data gives the relationship F(PACS)=2.52(±0.16)F(ISO)-
3.51(±1.71). This is the least good of our comparison calibra-
tions with an indication that the largest fluxes correspond less
well. NGC4567 has a PACS 100 µm flux a factor of 2.6 larger
than that measured by ISO (76.3 compared with 29.3 Jy), Fig.2,
but it is very close to NGC4568 and would be difficult to sep-
arate from it in the lower resolution ISO data. Spitzer 160 µm
data exist for 44 of the 78 galaxies in our sample (Bendo, in
preparation), Fig 3. A linear least squares fit to the data gives
F(PACS)=0.97(±0.02)F(MIPS)+1.16(±0.56). There appears to be
just a small calibration off-set (PACS fluxes are higher) between
PACS and MIPS. There are 14 galaxies from the ISOPHOT 170
µm Serendipity Survey (Stickel et al. 2004) that are in com-
mon with our survey, and we compare these fluxes with ours
in Fig 3. Comparing these 14 with our 160 µm data we obtain
c© 0000 RAS, MNRAS 000, 000–000
Herschel Virgo Cluster 5
Figure 3. A comparison of the Spitzer (MIPS) 160 µm (blue), the Stickel et
al. ISO 170 µm (red) and the Tuffs et al, ISO 170 µm (black) fluxes with the
PACS 160 µm fluxes. Linear least squares fit parameters are given top left.
The black dashed line is the one to one relationship.
F(PACS)=0.60(±0.05)F(ISO)+2.4(±0.27). Here there is a larger
discrepancy between the two data sets which appears to be en-
tirely due to NGC4192 with the ISO measurement almost twice
that of PACS (66.6 compared to 37.7 Jy). Removing NGC4192
from the sample gives F(PACS)=0.94(±0.05)F(ISO)+0.16(±0.48).
There are also 12 galaxies measured at 170 µm in the ISO sur-
vey of Tuffs et al. (2002), Fig 3. A linear least squares fit to
this data gives F(PACS)=0.93(±0.05)F(ISO)+2.11(±1.47). Finally
the Planck consortium have released a point source catalogue of
bright sources which, at 350 µm, contains 17 of the galaxies in
our list. In Fig 2. we compare these 350 µm flux densities (we
use the flux within an aperture of radius=FWHM) with our SPIRE
data obtaining the relationship F(SPIRE)=0.98(±0.05)F(Planck)-
0.37(±0.45), only NGC4260 stands out as being an anomaly with
regard to SPIRE and Planck.
3 LUMINOSITY FUNCTIONS AND DISTRIBUTIONS
Cosmic dust contributes only a small fraction of the total baryonic
mass of galaxies, but although small in mass, it plays a prominent
role in how galaxies evolve with time. For example, dust is thought
to be the major site for the formation of molecular hydrogen. Ra-
diative cooling by dust grains allows this molecular gas to collapse
to form stars and the residual dust is probably a major contribu-
tor to the material that forms proto-planetary discs and eventually
planets. The link between dust and the formation of stars is con-
firmed by the close correlation of far-infrared emission at shorter
wavelengths (< 100 µm) and the star formation rate measured by
other means (e.g. Calzetti et al. 2010). Longer wavelength dust
emission is probably associated with more extensive colder ma-
terial distributed throughout galaxies (Bendo et al. 2010, Bendo et
al. 2011). The comparative luminosity of a galaxy at different far-
infrared wavelengths is thus a measure of the relative importance of
the dust associated with star formation and that which is cold and
diffusely distributed throughout the inter-stellar medium.
The Virgo bright galaxy luminosity function/distributions (to-
tal numbers of galaxies within each luminosity interval) for each
Herschel wavelength are shown in Fig. 4 2. The shape of these lu-
minosity distributions can be used in comparison with those ob-
tained for galaxies in other environments to assess the influence of
that particular environment (field or varying richness of group or
cluster) and at different redshifts to assess evolution over cosmic
time. Given the proximity of Virgo, and hence the detail and depth
of the observations, we expect this bright galaxy sample to act as a
bench mark for future studies.
The far-infrared luminosity function/distributions we obtain
are quite different from those derived in the optical. At optical
wavelengths large numbers of low luminosity galaxies are found
in the cluster that give rise to a reasonably good Schechter function
fit with faint end slope of order -1.3 to -1.6 (Sabatini et al., 2003).
All of our far-infrared luminosity function/distributions turn over at
faint luminosities.
All galaxy samples, no matter how selected, are subject to se-
lection effects primarily related to the sensitivity of the observations
compared to the surface brightness of the objects. Given that this is
an isophotal size selected sample there may be galaxies that have
large enough luminosities to appear in Fig. 4, but are not included
in our sample because they are too small at the isophote of choice.
Future studies will investigate this further so here we just discuss
some relevant issues that indicate that our 500 µm luminosity func-
tion and derived luminosity distributions may not be too awry.
(i) Even the lowest luminosity galaxies in the sample are de-
tected at a minimum signal-to-noise of 15 i.e. the last point of the
500 µm luminosity function is not adversely affected by being close
to a limit set by signal-to-noise.
(ii) In Davies et al. (2010) we show that the luminosity func-
tion/distributions are peaked independent of the wavelength (for
example 160 µm) used for selection.
(iii) At optical wavelengths Sandage et al., (1985) found that the
luminosity distributions of Virgo cluster bright spiral and elliptical
galaxies (analogous to our sample) were Gaussian and only became
power laws (Schechter) when the dwarf galaxies were included.
These dwarf galaxies are predominately metal poor dE galaxies and
we have previously shown that these are not detected at 500 µm in
our current data (De Looze et al., 2010).
(iv) Confirmed Virgo cluster galaxies fainter than our 500 µm
selection limit have been detected in the HeViCS data, but they
are too small to be included in our sample (Grossi et al., 2010).
Grossi (private communication) has identified 24 out of 139 late
type dwarf galaxies listed in the VCC that have a measurable 500
µm flux. Six of these lie, according to GOLDMINE, in the most
distant structure at 32 Mpc. We have added these 24 galaxies to the
500 µm data shown in Fig. 4 (yellow dashed line) and as can be
seen they do not alter our conclusion about a ’peaked’ luminosity
function.
We have an on-going programme to try to detect as many as possi-
ble VCC galaxies in the HeViCs data. For this programme to seri-
ously change our conclusions we would need to find a population
of far-infrared bright objects that have very low optical luminosi-
ties. There is of course always the possibility of far-infrared sources
with no optical counterparts, but we would have to show conclu-
sively that they were cluster members and not associated with faint
optical sources in the background.
2 We use the term luminosity function to refer to the 500 µm data because
the data is selected at this wavelength. We use the term luminosity distribu-
tion for data at other wavelengths.
c© 0000 RAS, MNRAS 000, 000–000
6 Davies et al.
If confirmed the ’peaked’ nature of the far-infrared luminosity
function/distributions is similar to the Virgo cluster HI mass func-
tion, where there is also an apparent turnover at low masses (Davies
et al., 2004, Taylor et al., 2010). This is also quite different to the
low mass power law slope of the global HI mass function (Martin
et al. 2010, Davies et al. 2011). The straight forward explanation of
the different HI mass function shapes is that gas stripping processes
(Doyon & Joseph, 1989) in the cluster are more dramatic for low
mass galaxies. So the form of the luminosity function/distributions
suggests that this may now also apply to the removal of cosmic
dust. Although a number of tidal gas (21cm) streams (Kent et al.,
2007) have been identified in the cluster environment the identifi-
cation of inter-galactic dust has been a little more controversial and
would benefit from additional confirmation (see Stickler et al. 1998
for an example of a detection). The fate of stripped galactic dust is
still unclear.
At the current time the availability of comparison luminosity
distributions derived at the wavelengths of interest here is some-
what limited (see Davies et al., 2010). Many of the luminosity dis-
tributions derived using IRAS data used the 60 µm fluxes as their
longest wavelength i.e. Soifer et al. (1987), Saunders et al. (1990).
With a few exceptions (see Takeuchi et al. (2006) and references
therein) ISO also concentrated on shorter wavelengths than those
considered here. The same is true of Spitzer (Babbedge et al. 2006,
Rodighiero et al. 2010)
The most informative comparison is with the IRAS 100 µm
luminosity function derived by Rowan-Robinson et al. (1987). In a
similar way to us they constructed a far-infrared sample from opti-
cally identified galaxies with an available redshift. This is roughly
comparable with our Virgo sample in the sense that the galaxies
all have to have an optical identification and a distance, but their
sample is drawn from a wide range of environments. The Rowan-
Robinson et al. luminosity function follows a power law slope of
about -1 from ∼ 1024 to ∼ 4×1021 W Hz−1 sr−1. Although the lumi-
nosity function/distribution normalisation is arbitrary when com-
paring to our data (Fig. 4) it is clear that the Rowan-Robinson et
al. luminosity function predicts ∼ 103 more galaxies at the faint
end than at the bright end - even with the small numbers in our
sample this is difficult to reconcile with our Virgo data, unless sub-
sequent investigation reveals large numbers of small faint cluster
far infrared sources. The Rowan-Robinson et al. data also include
galaxies that are one order of magnitude brighter than the brightest
galaxies found in the Virgo cluster - it has previously been noted
that clusters in general do not have the very bright far-infrared
sources seen in the field (Bicay & Giovanelli, 1987).
Given the apparent shape of the Virgo cluster luminosity func-
tion/distributions it is currently more informative to simply charac-
terise them by their mean values rather than a poorly fitted and
parameterised Schechter function. These mean values are given in
table 2. It is clear that the majority of the far-infrared energy of the
cluster is being produced at the shortest of these wavelengths. Us-
ing Wien’s law for the predicted temperature of a modified black-
body curve with emissitvity β, i.e. Td ≈ 14142.9(5+β)λmax , leads to the tem-
peratures given in table 2 for each wavelength (band) λmax and
emissivity β = 2. Clearly we expect from this dust temperatures
of order 13-20K (see below).
As the luminosity distributions apparently turn over at both the
faint and luminous ends we can make an estimate of the luminosity
density in each band. Listed Virgo members in GOLDMINE extend
from 17 to 32 Mpc, which is a large distance compared to what is
normally assumed for the size of a cluster. So, all densities quoted
below will be calculated using both the whole sample and just using
Band Mean luminosity Luminosity density Temperature
(µm) ×1022 (W Hz−1 sr−1) ×10−45 (W m−3 Hz−1) (K)
100 3.4 ± 0.6 6.5(19.7)±0.6 20.2
160 4.4 ± 0.8 8.3(25.9)±0.6 12.6
250 2.4 ± 0.4 4.6(14.8)±0.2 8.1
350 1.0 ± 0.2 1.9(6.3)±0.2 5.8
500 0.4 ± 0.1 0.7(2.3)±0.2 4.0
Table 2. The mean luminosity and luminosity density in each band for the
Virgo bright galaxy sample. The luminosity density using just the galaxies
with distances of 17-23 Mpc are given in brackets. The temperatures are
those that produce modified blackbody curves that peak in each band (β =
2).
those with distances between 23 and 17 Mpc (given in brackets).
The volume we sample over 64 sq deg of sky is ∼181.3 Mpc3 for
galaxies between 17 and 32 Mpc and ∼47.2 Mpc−3 for the reduced
sample with distance between 17 and 23 Mpc (68 galaxies). Values
for the luminosity density in each band are given in table 2. It is
difficult to make comparisons with previous work because this is
a newly explored part of the electro-magnetic spectrum. Saunders
et al., (1990) using IRAS data give a luminosity density of 4.0 ±
0.4 × 107 L Mpc−3 for emission in the range 42.5-122.5 µm from
galaxies in all environments. Using this band pass and our 100 µm
luminosity density gives a value of 1.1(3.3) ± 0.1 × 109 L Mpc−3
for this Virgo cluster sample, a factor of 28(83) higher. At 160 µm
Takeuchi et al. (2006) use ISO data to obtain a value of 3.7 × 107
L Mpc−3 again for a sample occupying various environments. Our
value for Virgo is 5.1(15.9)±0.6×108 L Mpc−3, a factor of 14(44)
higher. A value of H0=72 km s−1 Mpc−1 has been assumed to adjust
the literature luminosity densities.
Simply multiplying the luminosity densities given in table 2
by the band widths (assuming non-overlapping bands, see below)
we obtain a Virgo 100-500 µm far-infrared luminosity density of
ρ100−500 = 2.2(9.6) ± 0.3 × 10−32 W m−3 or 1.6(7.0) ± 0.2 × 109 L
Mpc−3 using a solar luminosity of 3.9 × 1026 W.
4 FAR-INFRARED AND OPTICAL LUMINOSITY
The luminosity density (ρ100−500) given above was calculated using
non-overlapping bands corresponding to each Herschel wavelength
(not necessarily centred on the nominal wavelength because of the
uneven band spacing). This also provides a means of calculating
a far-infrared luminosity for each galaxy. We define the Herschel
far-infrared luminosity as:
L100−500 = 3.1 × 104d2Mpc[( f100∆ f100) + ( f160∆ f160) + ( f250∆ f250)
+( f350∆ f350) + ( f500∆ f500)] L
where f100, f160, f250, f350, f500, ∆ f100 = 18.0, ∆ f160 = 8.9, ∆ f250 =
4.6, ∆ f350 = 3.1 and ∆ f500 = 1.8 are the flux density (Jy) and band-
width (1011 Hz) in each band respectively and we have again taken
the solar luminosity to be 3.9 × 1026 W. For this particular analy-
sis we prefer this method of calculating the luminosity because it
does not depend on any particular fit to the SED i.e. it is valid for
galaxies well fitted by a single modified blackbody with any value
of emissivity power index (β), those that require two components
or more and those that do not have a thermal spectrum.
To check the consistency of our determination of the far-
infrared luminosity we have compared it with that predicted ana-
lytically for a galaxy that is well fitted by a modified blackbody
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Figure 4. The luminosity distributions derived from the data listed in table 1. The dot-dashed line indicates a slope of -1 as found by Rowan-Robinson et al.
(1987) using IRAS 100 µm data. The vertical black dashed lines indicate the minimum luminosity at 17 and 32 Mpc for a minimum 500 µm flux density of
0.1 Jy. The yellow dashed line indicates the shape of the 500 µm luminosity distribution if known star forming dwarf galaxies, beyond our detection limit, are
included.
(see next section). For NGC4254 the analytical value derived from
the fit gives log (LFIR) = 10.59 while the above method gives
log (L100−500) = 10.51. Far-infrared luminosities (L100−500) for each
galaxy are listed in table 3. Comparing the average far-infrared
SED of the galaxies in the sample, we find the highest flux den-
sity (38%) in the 160 µm band.
We can use a similar approach for the apparent stellar lumi-
nosity of each galaxy. We define the apparent stellar luminosity as:
L0.4−2.5 = 3.1 × 107d2Mpc[( fg∆ fg) + ( fr∆ fr) + ( fi∆ fi)
+( fJ∆ fJ) + ( fH∆ fH + ( fK∆ fK))] L
where fg, fr, fi, fJ , fH , fK , ∆ fg = 1.9, ∆ fr = 1.1, ∆ fi = 1.6,
∆ fJ = 0.9, ∆ fH = 0.3 and ∆ fK = 0.5 are the flux (Jy) and band-
width (1014 Hz) in each band respectively. The g, r and i band data
(λg = 0.48µm, λr = 0.62µm, λi = 0.76µm) are taken from the
Sloan Digital Sky Survey (SDSS). Automated magnitude deriva-
tions from within the SDSS database are notoriously inaccurate for
extended sources, so for 54 sources where the data is available we
have used SDSS magnitudes derived from our own surface pho-
tometry as described in Cortese et al. (2011). For the additional 24
galaxies we have used SDSS data from the NASA Extra-galactic
Database (NED). For most of these galaxies, the magnitudes are
plausibly consistent with those given in the near-infrared. For two
galaxies (UGC7557 and NGC4451) there are no consistent SDSS
magnitudes and we have set their apparent luminosities in these
bands to zero. As we will see below this does not greatly affect
our calculations because by far the largest fraction of the appar-
ent stellar luminosity is emitted in the near-infrared. The SDSS AB
magnitudes are converted to Jy using a zero point of KS DS S = 8.9.
In the near infrared we have used the two Micron All Sky Survey
(2MASS) which lists J, H and K band (total) magnitudes for all
of our galaxies (λJ = 1.25µm, λH = 1.65µm, λK = 2.17µm). The
2MASS website gives the following zero points for the conversion
of magnitudes to Jy: KJ = 8.01, KH = 7.53, KK = 7.06.
Considering the average SED of all of the galaxies in the sam-
ple, but this time in the optical, the highest flux density is produced
in the H band (28% of the total), 23 and 22% are produced in the J
and K bands respectively, thus justifying our statement above that
by far the largest fraction of the escaping star light is emitted in the
near-infrared bands.
Summing the contribution from all the galaxies leads to an
optical luminosity density of ρ0.4−2.5 = 5.0(20.0) × 109 L Mpc−3
some 3.1(2.9) times larger than the far-infrared value given in the
previous section. For their ISO sample of Virgo galaxies Popescu
et al. (2002) obtain values of 5.7 and 2.3 for the ratio of optical to
far infrared luminosity in early and late type galaxies respectively,
consistent with our global value. There are of course some very
optically luminous galaxies like NGC4486 (M87) and NGC4374
(M84) that emit little in the far-infrared. The range of both opti-
cal and far-infrared luminosities for the galaxies in this sample is
shown in Fig. 5.
We can use the optical and far-infrared luminosities to make
a crude estimate of the ’typical’ optical depth (< τ >) experienced
by a photon as it leaves a galaxy, based on a simple screen of dust
model:
< τ >= ln
(
1.0 + L100−500L0.4−2.5
)
Values of < τ > are also listed in table 4. The mean value for galax-
ies in this sample is < τ >mean= 0.4 ± 0.1 so on average the opti-
cal energy is emerging from regions of intermediate optical depth
(neither totally optically thin or thick). This mean value may be
high when compared to galaxies in general because this is a far in-
frared selected sample. Values of < τ > range from 0.04 to 2.76.
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Figure 5. A comparison of the range of optical luminosity in solar units
from 0.4 - 2.5 µm (blue) with that in the far-infrared from 100 - 500 µm
(red).
The two ’optically thick’ galaxies with < τ > greater than unity
are both late type spirals - NGC4234 (Sc) and NGC4299 (Scd).
As galactic dust is typically confined to a relatively thin disc, the
value of τ should be dependent on the inclination of each galaxy
to the line of sight. It is therefore surprising that both NGC4234
and NGC4299 are relatively face-on galaxies with inclinations of
approximately 40 and 20 degrees respectively. In the optical both
galaxies show signs of possible disturbance and so maybe the dust
has been ’stirred up’ in these two galaxies. Given the complexities
of the relative distributions of stars and dust a full understanding
of the radiative processes that give rise to dust emission will only
come about by carrying out detailed radiative transfer modelling
(e.g. Bianchi et al., 2000a, Bianchi, 2008 and Baes and Dejonghe,
2001). The above value of < τ >mean is very close to the value given
in Saunders et al. (1990) derived in a similar way using IRAS data
(< τ >IRASmean = 0.3 ± 0.1). The value we find implies than on average
33 ± 7 % of the stellar radiation of a galaxy is absorbed by dust.
The value is in agreement with what was found by Popescu and
Tuffs (2002) using a sample of late-type Virgo galaxies observed
with ISO. After removing a contribution of hotter dust using data
at 60µm, they fitted the 100 and 170 µm fluxes with a single tem-
perature modified blackbody with β = 2 and extrapolated to longer
wavelength. Using the Herschel data up to 500 µm, we will show
in the next Section that indeed this simple model can describe very
well the dusty thermal SED in most of our sample.
5 DUST, GAS AND STELLAR MASS
In order to derive the dust temperature and masses, we fitted the
SED for each galaxy, as defined by the Herschel flux densities in
Table 1, with a single temperature modified blackbody. We fol-
lowed the same procedure adopted in Smith et al. (2010), Bendo
et al. (2010) and Magrini et al. (2011), (see this later work for
a discussion of the uncertainties when using a single temperature
model).
We adopted a power law dust emissivity κλ = κ0(λ0/λ)β, with
spectral index β = 2 and emissivity κ0 = 0.192 m2 kg−1 at λ0 = 350
µm. These values reproduce the behaviour of models of Milky Way
dust in the FIR-submm, which were also found to reproduce the
dust emission SED in several other galaxies (Draine 2003, Draine
T (K) 100 µm 160 µm 250 µm 350 µm 500 µm
15 0.96 1.06 1.00 0.99 0.99
(0.98) (0.96) (0.92)
20 1.03 1.03 0.99 0.98 0.98
(0.96) (0.94) (0.90)
25 1.03 0.99 0.08 0.97 0.97
(0.94) (0.93) (0.88)
Table 3. Colour corrections for a β = 2 modified blackbody of tempera-
ture T. Pipeline fluxes (i.e. calibrated assuming νFν = const.) should be
multiplied by the above factors to retrieve the corrected fluxes. For the
SPIRE bands, the value outside brackets are for extended sources, while
those within brackets are for point sources.
et al. 2007). The fit was obtained with a standard χ2 minimization
technique. The monocromatic flux densities measured from the im-
ages, and reported in Table 1, come from the pipeline calibration.
They have been derived from the passband-weighted flux density
(measured by the instruments), applying a color correction for a flat
energy spectrum (Fν ∝ ν−1). We retrieved the passband-weighted
flux density by removing this correction (for SPIRE, this is equiva-
lent to dividing the pipeline flux densities by the K4 factor for point
sources; SPIRE Observer’ Manual, 2010) and then fitted to the data
the average of the model over the spectral response function for
each of the bands. We used the appropriate response functions for
the PACS and SPIRE bands. The above procedure is equivalent to
applying color corrections to the pipeline monochromatic fluxes, if
a SED model was known a priori. The color corrections are given
in Table 5. Given the nature of most of our sources, we used the
SPIRE spectral response functions for extended emission. Since
these corrections are much smaller than the assumed errors in each
band, the fluxes given in Table 1 have not been color corrected. In a
few of our galaxies, the SPIRE fluxes might be dominated by point
source emission and thus need a larger color correction (see Table
3). Even in this case, the color corrections are of order or less than
the errors derived above.
Remarkably, plotting the data given in table 1 shows that the
majority of galaxies are simply and well fitted by this single tem-
perature (modified) blackbody curve with fixed emissivity index;
the fits are illustrated in Fig. 6 (ordered by χ2 value). There are
three notable exceptions to this. The early type galaxies NGC4486
(M87) and NGC4374 (M84) show departures from a thermal spec-
trum (Boselli et al. 2010) particularly at longer wavelengths. As
discussed in Baes et al., (2010) specifically for NGC4486, both
these galaxies require modelling of the synchrotron component and
its removal before the thermal dust spectrum can be analysed. The
third galaxy, NGC4378, is an early type spiral with a Seyfert nu-
cleus. Its SED does not appear to be contaminated by a non-thermal
contribution, but rather dominated by a colder dust component, be-
cause its 160 µm flux is lower than expected when compared to
the other values. NGC4378 requires more detailed radiative trans-
fer modelling and probably a multi-component dust model before
a substantial cold dust component is confirmed. Further modelling
of these galaxies with peculiar SEDs is deferred to future papers.
Here we concentrate on dust emission and those galaxies that can
be fitted by a thermal spectrum.
A few galaxies do not fit a thermal spectrum as well as oth-
ers, though they do not show any clear evidence of a non-thermal
component. For example: NGC4423 and NGC4252 have a re-
duced chi-squared of χ2 > 2 and NGC4241, NGC4301, NGC4206,
NGC4466, IC3268, NGC4376 and NGC4222 have 1 < χ2 < 2
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Figure 6. The spectral energy distributions of the Bright Galaxy Sample and modified blackbody fits ordered by reduced χ2 value (given in parenthesis). Three
galaxies that are not well fitted by a modified blackbody are shown using a dashed line.
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galaxies that are not well fitted by a modified blackbody are shown using a dashed line.
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Figure 7. The distribution of dust temperature
where χ2 is derived from the best model fit to the data. We never-
theless use the best single temperature fitting parameters for these
galaxies and defer more complicated fits to later papers.
Derived dust masses and temperatures (75 galaxies) within
these 500 µm determined apertures are in the range of 106.22−8.17
M and 12.8-27.2K respectively with mean values of 107.31 M and
20.0K (Table 4). This illustrates the potential sensitivity of the full
depth survey to low dust masses (< 106 M) and the existence of a
significant cold dust component (T< 20K). Prior to the availability
of observations at wavelengths longer than about 100 µm, calcu-
lated galaxy dust masses and temperatures from surveys similar to
HeViCS were typically 106.6 M and 30-50K (taken from Soifer et
al., 1987 where they have 31 galaxies in common with HeViCS,
see also Devereux and Young, 1990). The typical dust mass is now
almost an order of magnitude higher and the temperature almost
20K colder (see also Tuffs et al. 2002).
Interestingly, the coldest galaxy in the sample (12.8K) is
UGC7557, the galaxy with the most discrepant IRAS 100 µm flux
(Fig. 6). It is barely detected in the PACS 100 µm data, but is rela-
tively strongly detected in the other bands. The data provide a rea-
sonably good fit to a modified blackbody curve with a calculated
dust mass of 107.42 M. UGC7557 is classified as a Scd galaxy and
appears to be of rather low surface brightness in the optical. Com-
pared to the other galaxies in this sample it is also a little under-
luminous in the optical with a B band absolute magnitude of -18.5.
If it is very cold dust then its origin is unclear, being apparently of
low surface brightness, the dust may just be further away from the
stars. Alternately, the dust in this low luminosity galaxy may have a
different emissivity and/or size distribution. We will be investigat-
ing this further once the full depth HeViCS data becomes available.
The complete distribution of dust temperatures is shown in Fig. 7.
We have calculated stellar masses (MS tar) for each galaxy (ta-
ble 4) using the prescription given in Bell et al. (2003) i.e.
log Mstar = −0.359 + 0.21(B − V) + log LHL
LH has been calculated using a H band absolute magnitude for
the Sun of MH=3.32 and (B-V) values have been taken from the
GOLDMINE database (Gavazzi et al., 2003).
Where available (71 out of 78 galaxies), we have also taken
atomic hydrogen gas masses (MHI) for each galaxy from the
GOLDMINE database, these are also given in table 4 along with
the dust masses. In Fig. 8 we show the distribution of mass in each
of the three components, dust, gas and stars. In Fig. 9 we show the
Figure 8. The distribution of stellar mass, atomic gas mass and dust mass.
All 78 galaxies have measured stellar masses, 71 have measured atomic gas
masses and 76 measured dust masses.
Figure 9. The stars-to-atomic gas mass ratio (red) and atomic gas-to-dust
mass ratio (blue). Numbers quoted are the mean of the individual values for
each galaxy.
mass ratio of stars-to-atomic gas and atomic gas-to-dust, these have
mean values of 15.1 and 58.2 respectively. We suggest that a factor
of ∼ 2.9 (see below) can be used to convert atomic gas to total gas
(HI+H2) in which case the mean values of the mass ratios are stars-
to-gas ∼ 5 and gas-to-dust ∼ 170. The local value of the gas-to-dust
ratio for the Milky Way is ∼ 143 (Draine et al., 2007).
By very simply dividing the total mass in each component
by the volume sampled (∼181.1(47.2) Mpc3) we can calculate the
cluster mass densities. Provided the luminosity distributions in each
far-infrared band are peaked the total cluster dust mass should be
well constrained by our sample galaxies unless there is a significant
dust component in the inter-galactic medium (Stickel, et al. 1998).
From the dust in our sample galaxies we derive a cluster dust mass
density of 8.6(27.8)±1.6×106 M Mpc−3. This compares with a re-
cent determination of the local dust mass density for galaxies in all
environments of 2.2±0.4×105 M Mpc−3 (Dunne et al. (2011) i.e.
the Virgo cluster is over dense in dust by about a factor of 39(126).
The Virgo cluster HI mass function is also peaked (Davies et al.
2004, Taylor 2010), so again the HI gas in these galaxies should
provide a good estimate of the cluster total. From our sample of
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71 galaxies we derive an HI mass density of 4.6(13.9) × 108 M
Mpc−3. The error on this is uncertain because the HI masses come
from a wide variety of sources. Recently, Davies et al. (2011) mea-
sured a local ’field’ HI mass density of 7.9 ± 1.2 × 107 M Mpc−3
(see also Martin et al. 2010). Thus the Virgo cluster is over dense
in HI by a factor of only about 6(18). Using the Davies et al. and
Dunne et al. values for the global HI and dust mass densities gives
a local ’field’ atomic gas to dust ratio of 359, while the same ratio
in the cluster is only 54(50) (total atomic gas mass divided by total
dust mass). At face value these relative over densities in dust and
gas indicate that the cluster galaxies have either processed more gas
through stars, and hence created more metals, or they have lost gas
and not dust when compared to the general population of galaxies.
HI complexes within the cluster, but external to previously identi-
fied galaxies, have been found by Kent et al. (2007), but they only
represent a small fraction of the cluster atomic gas.
Comparing stellar mass functions is not quite so straight for-
ward because of uncertainties in the faint end slope of the Virgo
cluster luminosity distribution i.e the numbers of faint dwarf galax-
ies (see Sabatini et al., 2003, and references therein). We obtain
from the stars in our sample galaxies a value of 7.8(29.7)× 109 M
Mpc−3 for the stellar density. Baldry et al. (2008) recently derived
the local galaxy stellar mass function and from it a stellar mass den-
sity of 2.3±1.2×108 M Mpc−3. This is 34(129) times smaller than
our value for Virgo. Interestingly, the stars and dust are in rough
agreement as to the value of the over density that Virgo represents,
while the atomic gas does not concur. Where required in the above
derivations we have used H0=72 km s−1, Ωm = 0.27, ΩΛ = 0.73.
6 CONCLUSIONS
The Herschel Virgo Cluster Survey is providing unprecedented
high resolution data, at far-infrared wavelengths, on some of the
largest angular sized galaxies in the sky. In this paper we have de-
scribed some of the global properties of these galaxies. The Virgo
bright galaxy sample discussed here consists of 78 galaxies selected
at 500 µm each with a confirmed Virgo cluster optical counter-
part. Each galaxy is detected in each of the five (100-500 µm) far-
infrared bands. We have carried out aperture photometry on each
galaxy and compared, where possible, our data with that previously
produced by IRAS, ISO, Spitzer and Planck. Table 1 gives a com-
plete list of the galaxies in the sample and their flux densities in
each far-infrared band.
These flux densities enable us to make a measurement of
the luminosity function/distribution in each band. These luminos-
ity function/distributions are not power laws but ’peaked’ func-
tions. If subsequent measurements of the luminosity distributions
in more wide-ranging environments have the more common power
law form (Schechter) then this is a clear indication of environmen-
tal processes in the cluster affecting the far-infrared properties of
galaxies.
We define and measure for each galaxy a 100-500 µm far-
infrared and an optical 0.4-2.5 µm luminosity (L100−500 and L0.4−2.5).
Assuming a simple screen model of dust these luminosities can
be used to calculate a ’typical’ optical depth (< τ >) for photons
emerging from a galaxy. Values of < τ > range from zero to an op-
tically thick 2.8. With a mean value of < τmean >=0.4 most cluster
(stellar) photons are emerging from reasonably optically thin opti-
cal depths. We also use the values of L100−500 and L0.4−2.5 for each
galaxy to calculate far-infrared and optical luminosity densities of
1.6(7.0)±0.2×109 L Mpc−3 and 5.0(20.0)×109 L Mpc−3 respec-
tively. The optical luminosity density is some 3.2(2.9) times larger
than the far-infrared.
The derived flux densities in each band are also used to cal-
culate a dust mass and temperature for each galaxy assuming a
single component modified blackbody with β = 2. The mean
(typical) dust mass and temperature for the galaxies in this sam-
ple are log (MDust) = 7.31 and TD = 20.0K respectively. We
have also used data from the literature to calculate both stellar
and atomic gas masses for each galaxy, these have mean values of
log (MS tars) = 10.26 and log (MHI) = 9.08 respectively. The total
masses in each of these baryonic components are used to calculate
mass densities of 8.6(27.8) × 106, 4.6(13.9) × 108, 7.8(29.7) × 109
M Mpc−3 respectively for cluster dust, atomic gas and stars. These
values are higher than that derived using galaxies in the general
field by factors of 39(126), 6(18) and 34(129) respectively. Atomic
gas appears to have been lost or consumed more effectively than is
typical in field galaxies.
The above information on the properties of Virgo cluster
galaxies and on the properties of the cluster as a whole, will hope-
fully be useful when compared to the global properties of galaxies
throughout the local Universe and also with studies of other galaxy
clusters both near and far.
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(1) (2) (3) (4) (5) (6)
Name RA Dec v D F500 F350 F250 F160 F100
(J2000) (J2000) (km s−1) (Mpc) (Jy) (Jy) (Jy) (Jy) (Jy)
NGC4165 12:12:12.6 13:14:40.0 1862 32.0 0.15 0.38 0.81 1.19 0.61
IC00769 12:12:32.6 12:07:22.1 2209 32.0 0.40 0.96 1.81 3.04 0.99
NGC4189 12:13:47.8 13:25:32.1 2114 32.0 0.99 2.88 6.91 12.26 11.34
NGC4192 12:13:48.4 14:54:00.5 -139 17.0 5.07 12.87 27.75 37.65 24.24
NGC4193 12:13:53.7 13:10:22.0 2470 32.0 0.68 1.68 3.51 6.93 2.62
NGC4197 12:14:38.8 05:48:23.0 2062 32.0 0.67 1.68 3.37 6.37 6.32
IC03061 12:15:04.6 14:01:42.9 2316 17.0 0.32 0.77 1.56 2.35 1.68
NGC4206 12:15:17.1 13:01:28.4 704 17.0 1.08 2.20 3.56 4.69 2.35
NGC4212 12:15:39.0 13:54:08.7 -88 17.0 1.85 5.33 12.96 26.77 21.78
NGC4216 12:15:54.9 13:08:52.7 139 17.0 3.93 9.99 21.10 31.89 16.47
NGC4222 12:16:22.5 13:18:20.9 229 17.0 0.86 1.95 3.35 4.19 4.02
NGC4234 12:17:09.2 03:40:51.1 2031 32.0 0.31 0.93 2.11 4.80 4.73
NGC4237 12:17:11.5 15:19:26.6 865 17.0 1.01 3.00 7.38 15.16 10.81
NGC4241 12:17:25.6 06:41:19.6 2239 32.0 0.23 0.59 1.17 1.86 0.44
IC03115 12:18:00.1 06:39:00.2 732 23.0 0.32 0.62 1.03 1.25 0.38
NGC4252 12:18:31.6 05:33:53.6 864 32.0 0.12 0.24 0.35 0.55 0.61
NGC4254 12:18:49.7 14:25:10.8 2404 17.0 8.79 26.29 65.45 130.99 114.25
NGC4260 12:19:21.2 06:06:03.2 1935 23.0 0.16 0.44 0.88 1.33 0.68
NGC4266 12:19:42.7 05:32:18.6 1617 32.0 0.17 0.53 1.30 2.63 1.64
NGC4273 12:19:56.1 05:20:36.3 2379 32.0 1.47 4.20 10.45 24.31 26.01
UGC7387 12:20:17.8 04:12:04.8 1732 17.0 0.19 0.48 0.94 1.52 0.87
NGC4289 12:21:02.9 03:43:24.7 2541 17.0 0.48 1.22 2.29 3.14 2.31
NGC4294 12:21:17.8 11:30:37.8 355 17.0 0.89 2.06 4.16 7.27 5.78
NGC4298 12:21:33.3 14:36:15.2 1136 17.0 1.66 4.94 11.89 21.95 15.62
NGC4299 12:21:40.7 11:30:02.6 232 17.0 0.46 1.16 2.41 4.75 4.83
NGC4302 12:21:42.4 14:35:50.4 1150 17.0 2.89 8.24 18.67 30.44 18.73
NGC4303 12:21:55.1 04:28:27.8 1566 17.0 8.08 22.55 54.57 114.90 102.95
NGC4307 12:22:05.7 09:02:29.0 1035 23.0 0.72 2.06 4.58 7.75 4.71
NGC4309 12:22:12.1 07:08:43.9 1071 23.0 0.22 0.55 1.10 2.03 1.70
NGC4301 12:22:27.6 04:33:49.3 1278 17.0 0.17 0.45 0.81 1.44 1.52
NGC4312 12:22:31.3 15:32:19.0 148 17.0 0.55 1.66 4.19 8.62 7.33
NGC4313 12:22:38.4 11:48:01.5 1442 17.0 0.62 1.81 4.11 8.23 4.73
IC03225 12:22:38.7 06:40:37.3 2362 23.0 0.20 0.46 0.90 1.40 0.81
NGC4316 12:22:42.0 09:20:00.0 1250 23.0 0.84 2.16 4.91 9.12 5.92
NGC4321 12:22:54.9 15:49:24.8 1575 17.0 9.98 28.54 68.31 109.45 76.34
NGC4324 12:23:06.6 05:15:03.8 1668 17.0 0.36 0.95 1.94 2.71 1.69
NGC4330 12:23:17.2 11:22:02.0 1563 17.0 0.74 1.80 3.54 5.19 2.42
NGC4343 12:23:38.3 06:57:20.6 1013 23.0 0.58 1.59 3.60 6.70 5.53
IC03258 12:23:43.7 12:28:40.7 -430 17.0 0.17 0.40 0.72 1.37 0.80
IC03259 12:23:47.3 07:11:23.8 1420 23.0 0.22 0.53 1.06 1.37 0.95
NGC4351 12:24:01.5 12:12:17.4 2316 17.0 0.26 0.68 1.41 2.65 1.41
IC03268 12:24:07.7 06:36:22.9 727 23.0 0.17 0.41 0.79 1.50 1.77
NGC4374 12:25:03.7 12:52:55.4 910 17.0 0.13 0.15 0.27 0.86 1.14
NGC4376 12:25:18.4 05:44:30.1 1138 23.0 0.23 0.54 1.06 2.76 1.60
NGC4378 12:25:18.5 04:55:23.4 2557 17.0 0.56 1.85 3.36 1.10 1.00
NGC4380 12:25:22.0 10:01:06.3 963 23.0 0.76 2.23 4.91 6.17 3.04
UGC7513 12:25:42.8 07:13:01.3 993 23.0 1.02 2.45 4.91 8.35 5.87
NGC4388 12:25:47.5 12:39:44.7 2515 17.0 1.25 3.50 8.64 20.68 21.41
NGC4390 12:25:51.5 10:27:33.3 1101 23.0 0.40 0.94 1.89 2.85 1.61
IC03322 12:25:54.1 07:33:19.5 1202 23.0 0.36 0.91 1.85 2.99 2.67
NGC4402 12:26:07.4 13:06:44.7 230 17.0 2.08 6.08 14.50 28.15 21.15
UGC7537 12:26:29.6 08:52:19.8 1278 23.0 0.26 0.60 1.11 1.58 0.94
NGC4413 12:26:32.3 12:36:38.2 103 17.0 0.44 1.16 2.50 4.36 1.94
NGC4412 12:26:36.5 03:57:55.6 2289 17.0 0.36 1.11 2.77 6.60 6.88
NGC4416 12:26:46.8 07:55:06.8 1390 17.0 0.40 1.08 2.39 4.79 2.93
UGC7546 12:26:47.6 08:52:54.2 1272 23.0 0.56 1.24 2.25 2.62 1.08
NGC4423 12:27:09.8 05:52:56.5 1120 23.0 0.30 0.59 0.99 1.93 1.15
UGC7557 12:27:10.4 07:15:58.7 932 23.0 0.36 0.73 1.14 0.74 0.13
NGC4424 12:27:11.3 09:25:14.5 437 23.0 0.32 0.96 2.47 5.52 6.21
NGC4435 12:27:40.3 13:04:43.9 775 17.0 0.21 0.68 1.87 4.31 4.77
NGC4438 12:27:44.7 13:00:25.5 104 17.0 1.07 3.23 7.62 15.54 11.40
NGC4445 12:28:15.9 09:26:10.4 328 23.0 0.20 0.59 1.39 2.44 1.73
NGC4451 12:28:40.6 09:15:40.7 858 23.0 0.30 0.87 2.21 5.24 4.90
NGC4459 12:29:00.1 13:58:46.0 1210 17.0 0.19 0.61 1.63 4.26 5.20
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NGC4469 12:29:28.1 08:44:58.7 508 23.0 0.25 0.84 2.05 4.02 3.80
NGC4466 12:29:29.9 07:41:43.1 759 17.0 0.19 0.40 0.83 1.13 1.10
NGC4470 12:29:37.9 07:49:26.9 2341 17.0 0.36 1.04 2.44 5.84 5.26
NGC4486 12:30:49.2 12:23:24.8 1292 17.0 1.28 0.92 0.67 0.92 0.53
NGC4492 12:30:59.6 08:04:35.2 1777 17.0 0.22 0.65 1.37 2.39 1.07
IC03476 12:32:40.9 14:02:52.3 -170 17.0 0.43 1.09 2.19 3.34 3.41
NGC4519 12:33:30.5 08:39:17.6 1216 17.0 1.03 2.47 5.06 9.44 6.48
NGC4522 12:33:39.7 09:10:32.4 2329 17.0 0.65 1.68 3.56 6.29 5.12
NGC4526 12:34:03.1 07:41:57.3 448 17.0 0.96 3.02 7.90 17.59 17.33
NGC4531 12:34:16.0 13:04:32.2 195 17.0 0.22 0.63 1.44 2.59 1.15
NGC4535 12:34:20.1 08:11:53.5 1964 17.0 5.81 15.63 34.43 49.42 21.89
IC03521 12:34:39.3 07:09:43.2 593 17.0 0.18 0.60 1.48 2.93 2.36
NGC4567 12:36:32.4 11:15:27.0 2277 17.0 1.68 5.01 12.64 26.49 20.76
NGC4568 12:36:33.9 11:14:35.1 2255 17.0 4.12 12.33 30.89 64.45 55.58
Table 1: The Herschel Virgo Cluster Survey Bright Galaxy Sample - (1) name, (2) (3)
position, (4) velocity, (5) distance, and (6) far-infrared flux density. Note that NGC4567
and NGC4568 are very close together and so it is difficult to separate the measurements of
one from the other.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
Name MB Log(MS tars) Log(MHI ) Log(MDust) Td Log(L0.4−2.5) Log(L100−500) < τ > MS tars/MHI MHI /MDust
(M) (M) (M) (K) (L) (L)
NGC4165 -17.99 9.77 8.39 6.97±0.07 18.2±0.9 9.67 8.93 0.17 24.0 26.3
IC00769 -19.13 9.98 9.48 7.44±0.07 17.0±0.8 9.71 9.26 0.30 3.2 109.6
NGC4189 -19.84 10.39 9.40 7.65±0.07 21.8±1.3 10.08 10.05 0.66 9.8 56.2
NGC4192 -20.42 10.88 9.63 7.93±0.07 18.4±0.9 10.56 9.93 0.21 17.8 50.1
NGC4193 -19.24 10.29 9.24 7.60±0.07 18.4±0.9 10.11 9.62 0.28 11.2 43.7
NGC4197 -19.15 9.91 9.71 7.46±0.08 20.6±1.3 9.80 9.79 0.68 1.6 177.8
IC03061 -16.77 9.23 8.79 6.69±0.08 18.7±1.0 9.08 8.74 0.37 2.8 125.9
NGC4206 -18.15 9.72 9.38 7.31±0.08 16.1±0.8 9.63 8.99 0.21 2.2 117.5
NGC4212 -19.33 10.27 8.91 7.35±0.07 22.4±1.3 10.04 9.80 0.45 22.9 36.3
NGC4216 -20.31 10.94 9.25 7.83±0.07 18.3±0.9 10.66 9.81 0.13 49.0 26.3
NGC4222 -17.20 9.57 9.03 7.20±0.09 16.8±1.0 9.25 9.07 0.51 3.5 67.6
NGC4234 -19.05 9.61 8.88 7.08±0.08 23.3±1.5 9.36 9.65 1.09 5.4 63.1
NGC4237 -18.49 10.01 8.32 7.11±0.07 22.0±1.2 9.89 9.53 0.36 49.0 16.2
NGC4241 -19.55 10.28 8.45 7.28±0.06 16.3±0.6 10.21 9.01 0.06 67.6 14.8
IC03115 -17.96 9.35 9.03 7.11±0.07 15.1±0.6 9.14 8.62 0.26 2.1 83.2
NGC4252 -17.74 9.25 9.00 6.88±0.11 16.0±1.1 9.26 8.77 0.28 1.8 131.8
NGC4254 -20.70 10.67 9.65 8.02±0.07 22.7±1.3 10.59 10.51 0.60 10.5 42.7
NGC4260 -19.22 10.38 - 6.73±0.07 18.2±0.9 10.09 8.69 0.04 - -
NGC4266 -19.04 10.24 - 6.93±0.07 21.5±1.1 9.81 9.29 0.26 - -
NGC4273 -20.04 10.33 9.54 7.71±0.08 24.4±1.6 10.19 10.38 0.93 6.2 67.6
UGC7387 -16.11 9.05 8.39 6.49±0.07 18.5±0.9 8.96 8.50 0.30 4.6 79.4
NGC4289 -16.56 9.52 9.02 6.92±0.08 17.9±0.9 9.25 8.88 0.35 3.2 125.9
NGC4294 -18.47 9.59 9.22 7.06±0.08 19.5±1.1 9.59 9.24 0.37 2.3 144.5
NGC4298 -19.20 10.12 8.94 7.36±0.07 21.3±1.1 10.00 9.69 0.40 15.1 38.0
NGC4299 -18.16 8.98 9.04 6.72±0.08 21.2±1.4 7.94 9.11 2.76 0.9 208.9
NGC4302 -18.84 10.32 9.24 7.66±0.07 19.7±1.0 10.08 9.81 0.43 12.0 38.0
NGC4303 -20.85 10.71 9.68 7.96±0.08 22.7±1.4 10.66 10.46 0.49 10.7 52.5
NGC4307 -19.03 10.12 8.15 7.31±0.07 19.8±1.0 10.09 9.48 0.22 93.3 6.9
NGC4309 -18.01 9.80 7.64 6.72±0.08 20.1±1.2 9.65 8.96 0.19 144.5 8.3
NGC4301 -17.51 8.99 9.08 6.37±0.09 19.6±1.3 9.09 8.61 0.28 0.8 512.9
NGC4312 -18.69 9.94 8.08 6.82±0.07 22.9±1.4 9.85 9.32 0.26 72.4 18.2
NGC4313 -18.65 10.12 8.02 6.96±0.07 20.6±1.1 9.93 9.22 0.18 125.9 11.5
IC03225 -17.32 9.16 8.81 6.76±0.08 18.1±0.9 9.02 9.06 0.74 2.2 134.9
NGC4316 -18.12 10.03 9.01 7.32±0.00 20.3±0.0 9.81 9.55 0.44 10.5 49.0
NGC4321 -21.13 10.90 9.44 8.17±0.07 20.3±1.0 10.77 10.39 0.35 28.8 18.6
NGC4324 -18.58 10.15 8.73 6.80±0.07 18.3±0.9 9.94 8.78 0.07 26.3 85.1
NGC4330 -18.01 9.71 8.61 7.13±0.07 17.5±0.8 9.55 9.01 0.25 12.6 30.2
NGC4343 -18.61 10.16 8.78 7.13±0.08 21.2±1.2 9.96 9.47 0.28 24.0 44.7
IC03258 -17.31 8.95 8.45 6.39±0.08 18.6±1.0 7.49 8.45 2.32 3.2 114.8
IC03259 -17.45 9.40 8.40 6.84±0.08 17.9±0.9 9.23 8.77 0.30 10.0 33.1
NGC4351 -18.16 9.29 8.52 6.60±0.07 19.3±1.0 9.40 8.72 0.19 5.9 83.2
IC03268 -18.01 9.27 8.89 6.56±0.09 20.4±1.4 9.35 8.92 0.31 2.4 213.8
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NGC4374 -20.97 10.99 8.96 - - 10.90 8.43 - 107.2 -
NGC4376 -17.98 9.35 8.83 6.69±0.08 20.5±1.2 9.32 9.00 0.39 3.3 138.0
NGC4378 -18.63 10.16 8.84 - - 9.96 8.65 0.05 20.9 -
NGC4380 -19.38 10.40 8.47 7.45±0.07 18.0±0.8 10.25 9.36 0.12 85.1 10.5
UGC7513 -18.04 9.91 9.45 7.42±0.08 19.2±1.1 9.66 9.54 0.57 2.9 107.2
NGC4388 -19.28 10.24 8.65 7.08±0.08 24.4±1.6 10.14 9.75 0.34 38.9 37.2
NGC4390 -18.39 9.51 8.90 7.08±0.07 18.1±0.9 9.58 9.04 0.25 4.1 66.1
IC03322 -17.58 9.57 8.71 6.96±0.08 19.6±1.1 9.44 9.15 0.42 7.2 56.2
NGC4402 -18.51 10.11 8.66 7.43±0.07 21.6±1.2 9.90 9.81 0.60 28.2 17.0
UGC7537 -18.17 9.36 9.23 6.91±0.08 17.5±0.9 9.15 8.80 0.37 1.3 208.9
NGC4413 -18.21 9.60 8.29 6.87±0.07 18.7±0.9 9.59 8.90 0.19 20.4 26.3
NGC4412 -18.06 9.59 8.33 6.56±0.08 24.8±1.6 9.51 9.25 0.44 18.2 58.9
NGC4416 -17.89 9.50 8.41 6.74±0.07 20.5±1.1 9.36 9.00 0.36 12.3 46.8
UGC7546 -18.75 9.57 9.34 7.34±0.07 16.0±0.7 9.60 8.98 0.22 1.7 100.0
NGC4423 -17.92 9.23 9.20 6.85±0.09 18.0±1.1 9.39 8.87 0.26 1.1 223.9
UGC7557 -18.54 9.24 9.43 7.42±0.07 12.8±0.4 8.83 8.45 0.35 0.6 102.3
NGC4424 -19.48 10.18 8.59 6.77±0.07 24.8±1.5 10.12 9.46 0.20 38.9 66.1
NGC4435 -19.35 10.44 - 6.32±0.08 25.9±1.7 10.33 9.08 0.06 - -
NGC4438 -20.03 10.70 8.68 7.14±0.02 21.9±0.3 10.27 9.54 0.17 104.7 34.7
NGC4445 -18.12 9.86 8.06 6.72±0.07 20.8±1.1 9.69 9.00 0.19 63.1 21.9
NGC4451 -18.37 9.79 8.50 6.75±0.08 24.2±1.5 9.34 9.39 0.75 19.5 56.2
NGC4459 -19.63 10.60 - 6.22±0.08 27.2±2.0 10.45 9.10 0.04 - -
NGC4469 -19.62 10.57 - 6.75±0.07 23.2±1.4 10.38 9.28 0.08 - -
NGC4466 -16.55 8.98 8.16 6.43±0.08 18.4±1.1 8.86 8.50 0.36 6.6 53.7
NGC4470 -17.97 9.43 8.63 6.58±0.08 23.5±1.5 9.44 9.16 0.42 6.3 112.2
NGC4486 -21.32 11.13 - - - 11.05 8.37 - - -
NGC4492 -18.02 9.79 7.94 6.60±0.07 18.8±0.9 9.81 8.64 0.07 70.8 21.9
IC03476 -17.80 9.18 8.39 6.79±0.08 19.4±1.2 9.07 8.97 0.59 6.2 39.8
NGC4519 -18.69 9.63 9.43 7.14±0.08 19.7±1.1 9.65 9.32 0.39 1.6 195.0
NGC4522 -18.18 9.57 8.63 6.94±0.08 20.2±1.2 9.53 9.18 0.37 8.7 49.0
NGC4526 -20.35 10.95 9.33 7.01±0.07 24.5±1.5 10.72 9.66 0.08 41.7 208.9
NGC4531 -18.68 9.99 - 6.57±0.07 19.2±0.9 9.77 8.67 0.08 - -
NGC4535 -20.42 10.63 9.59 8.04±0.07 18.0±0.8 10.48 9.97 0.27 11.0 35.5
IC03521 -17.23 9.27 7.94 6.37±0.07 22.7±1.3 9.17 8.84 0.39 21.4 37.2
NGC4567 -19.24 10.01 8.69 7.31±0.07 22.7±1.3 10.01 9.79 0.47 20.9 24.0
NGC4568 -19.93 10.49 8.99 7.68±0.07 23.0±1.4 10.25 10.20 0.63 31.6 20.4
Table 4: The Herschel Virgo Cluster Survey Bright Galaxy Sample - (1) name, (2) abso-
lute B magnitude, (3) stellar mass, (4) HI mass, (5) dust mass, (6) dust temperature, (7)
stellar luminosity from 0.4 to 2.5 µm, (8) far-infrared luminosity from 100 to 500 µm, (9)
mean optical depth, (10) stellar to atomic gas mass ratio and (11) atomic gas to dust mass
ratio. The B, V and H band magnitudes, used to calculate stellar mass, are taken from the
GOLDMINE database. The mean fractional dust mass and temperature errors are approx-
imately 19 and 6% respectively. Seven galaxies have no detected atomic hydrogen. Two
galaxies have no dust mass and temperatures listed because their SEDs are not well fitted
by a thermal spectrum. Stellar luminosities were calculated using SDSS and 2MASS data.
Far-infrared luminosities were calculated using the data from this paper.
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